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Supplemental Experimental Procedures
Preparation of germ cells
For germ cell coculture, we used germline stem (GS) cells, which were established from Green mice (Dr. M. Okabe, Osaka University, Osaka, Japan) or ROSA26 mice (The Jackson Laboratory, Bar Harbor, ME) in a DBA/2 background. We also established GS cells from Cxcr4 floxed mice that were backcrossed into an ICR background (Tokoyoda et al., 2004) . Itgb1 knockout (KO)-GS cells, which were established from Itgb1 floxed mice in an ICR background, were previously described (Kanatsu- Shinohara et al., 2008a) . GS cells were maintained in basal medium containing 20 ng/ml EGF, 10 ng/ml FGF2, and 15 ng/ml GDNF (all from Peprotech, Rocky Hill, NJ) in the presence of 1% fetal bovine serum (FBS) (GS cell culture medium)(Kanatsu- Shinohara et al., 2003a) . GS cells were routinely maintained on mitomycin-C (MMC)-treated mouse embryonic fibroblasts (MEFs) before transferring to testis feeder cells.
In some experiments, we used primary testis cells after selection with magnetic-activated cell sorting using rat anti-mouse ITGA6 antibody (GoH3; BD Biosciences, San Diego, CA), as described previously (Shinohara et al., 1999) . Briefly, a single cell suspension of testis from 12-to 16-day-old or 5-to 6-week-old Green mice with a C57BL/6 (B6) background were incubated with 2.5 g/ ml primary antibody in phosphate buffered The test reagents used for cobblestone cultures were as follows: 15 ng/ml GDNF, 20 ng/ml EGF, 10 ng/ml FGF2, 20 ng/ml KITL, 50 g/ml CXCL12 (Peprotech), 10 ng/ml human FSH, 5 g/ml AMD3100 (both from Sigma), 10g/ml mouse anti-human GDNF antibody (27106), and 10g/ml rat anti-mouse KITL antibody (40215; both from R&D Systems, Minneapolis, MN). All coculture experiments contained 1%FBS. Test reagents were added at the time of plating. Each experiment was replicated at least twice. All cultures were conducted at 37C under 5% CO 2 in air. goat serum in PBS) at 4 C overnight, the samples were incubated with antibodies at room temperature for 1 h. For staining of cryosections, samples were fixed in 4% paraformaldehyde for 2 h, and then frozen in Tissue-Tek OCT compound (Sakura Finetechnical, Tokyo, Japan).
Immunohistochemistry
For staining of whole-mount samples, seminiferous tubules of 7-to 8-week-old B6 mice were fixed in 2% paraformaldehyde for 2 h and stained in 1.5 ml tubes (Eppendorf Co.Ltd., Tokyo, Japan), and then mounted on glass slides. Rhodamine-phalloidin (Invitrogen) was used to stain actin filaments. Samples were counterstained with Hoechst 33342 (Sigma). The images were collected using a confocal microscope (Fluoview FV1000D; Olympus, Tokyo, Japan).
Lentivirus infection
DNA fragments encoding a dominant-negative form of Ret (RetDN; gift from Dr. J. 
Reverse-transcription polymerase chain reaction (RT-PCR)
Total RNA was isolated using TRIzol, and first-strand cDNA was synthesized using Superscript II (both from Invitrogen). PCR conditions were 95C for 10 min, followed by 35 cycles at 95C for 15 s, 60C for 30 s, and 72C for 1 min. For analysis of Hprt expression, PCR conditions were 95C for 10 min, followed by 30 cycles at 95C for 15 s, 60C for 30 s, and 72C for 1 min. The primers used for PCR are listed in Table S1 .
Flow cytometry
The cultured cells were incubated with the following primary antibodies: rat anti-EPCAM (G8.8), rat anti-ITGA6 (GoH3), biotinylated hamster anti-ITGB1 (Ha2/5), rat anti-CD9 (KMC8), and rat anti-KIT (2B8) (all from BD Biosciences). Allophycocyanin (APC)-conjugated goat anti-rat IgG (Cedarlane Laboratories, Burlington, ON, Canada), and APC-conjugated streptavidin (BD Biosciences) were used to detect the primary antibodies. For apoptosis detection of cultured cells and transplanted cells, the Annexin V Apoptosis Detection Kit APC was used as described by the manufacturer (eBioscience, San Diego, CA). Propidium iodide (1 g/ml) was added to exclude dead cells.
Enzyme-linked immunosorbent assay (ELISA)
For the quantitative determination of cytokine levels, culture supernatants were collected 5 days after adding cytokines, and analyzed using the GDNF E max ImmunoAssay System (Promega, Madison, WI), the Quantikine Mouse CXCL12/SDF-1 Immunoassay (R&D Systems), and the FGF basic Mouse ELISA Kit (Abcam), respectively, according to the manufacturers' instructions.
Adenovirus infection of Cxcr4 floxed mouse testis cells
Cxcr4 floxed mice were crossed with the ROSA26 reporter mouse strain (R26R;
Jackson Laboratory) (Soriano, 1999; Tokoyoda et al., 2004) . Genotypes of the mice were examined by PCR with the primers listed in Table S1 . The wild-type (wt) and floxed alleles were amplified as 320-bp and 370-bp bands, respectively. Testis cells from 10-to 14-day-old pups or GS cells were plated at a density of 1  10 6 cells/9.5 cm 2 on MEFs in Dulbecco's modified Eagle medium/10% FBS or GS cell culture medium, respectively. Then AxCANCre (RIKEN BRC, Tsukuba, Japan) were added to the cultures overnight (Takehashi et al., 2007) .
The virus was removed the next day, and the infected cells were used for transplantation. MOI was adjusted to 2.0 in both experiments.
Southern blot analysis
Genomic DNA was digested by the indicated restriction enzymes, and transferred and hybridized as described previously. Eco RI-Eco RI fragment (~ 900 bp) in the downstream region of exon 2 of the Cxcr4 gene was used as a hybridization probe. Band intensity was quantified using NIH Image 1.63 software (NIH, Bethesda, MD).
Spermatogonial transplantation
Transplantation was performed by microinjection into the seminiferous tubules of 4-to 6-week-old W mice via the efferent duct (Ogawa et al, 1997) . In experiments using
Green or ROSA GS cells, recipients were treated with anti-CD4 antibody (GK1.5; gift from Dr. T. Honjo, Kyoto University, Kyoto, Japan) to avoid rejection of allogeneic donor cells (Kanatsu-Shinohara et al, 2003b) . In experiments using Cxcr4-KO GS cells, 4-week-old KSN nude mice (Japan SLC) were treated with 44 mg/kg busuflan, and used as recipients at least 1 month after busulfan treatment. Nude mice were transplanted with syngeneic bone marrow cells within 5 days after busulfan injection to avoid bone marrow failure. Approximately 75-85% of the tubules were filled in each recipient testis. The Institutional Animal Care and Use Committee of Kyoto University approved all of the animal experimentation protocols.
Analysis of the recipient testes
In experiments using R26R or ROSA26 mice, the recipient testes were fixed with 4% paraformaldehyde for 2 h, and LacZ staining was performed using 5-bromo-4-chloro-3-indolyl -D-galactoside (Wako Pure Chemical Industries, Osaka, Japan), as previously described (Nagano et al., 1999) . Recipient testes were analyzed under UV light in experiments using Green mice or Venus-transfected cells. We defined colonies when donor cell clusters were longer than 0.1 mm, and occupied the entire circumference of the seminiferous tubule. For histological analyses, the samples were embedded in paraffin blocks and processed for sectioning. Sections were counterstained with hematoxylin and eosin. Testes were fixed in 4% paraformaldehyde and then frozen in Tissue-Tek OCT compound (Sakura Finetechnical, Tokyo, Japan) for immunohistological staining of lentivirus-transduced testes for cryosectioning.
